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[57] ABSTRACT 
An optical type disc is recorded with information sig 
nals on each sloping surface of a spiral or concentric 
V-shaped grooves formed on a recording surface 
thereof, wherein the information signals are recorded as 
rows of geometrical depressions or projections on each 
sloping surface of the V-shaped groove and the inclina~ 
tion angle of the bottom surface of the depression or the 
top surface of the projection is greater than the inclina 
tion angle of the sloping surface of the V-shaped 
groove. An optical type reproducing apparatus repro 
duces the signals from the disc by relatively scanning 
the sloping surface of the V-shaped groove by a repro 
ducing spot having a diameter smaller than the width of 
the V-shaped groove. The reproducing apparatus com 
prises tracking spot forming system for forming a track 
ing spot across two mutually adjacent sloping surfaces 
of the V-shaped grooves at a position deviated with 
respect to the reproducing spot in a width direction of 
the V-shaped groove by a distance of i the width of the 
V-shaped groove, a photoelectric transducer for inde 
pendently receiving light reflected from the two mutu 
ally adjacent sloping surfaces of the V-shaped grooves, 
and a moving mechanism for moving an optical system 
in the width direction of the V-shaped groove respon 
sive to an output of the photoelectric transducer so that 
the reproducing spot is formed along a predetermined 
sloping surface of the V-shaped groove. 

10 Claims, 66 Drawing Figures 
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OPTICAL TYPE DISC WITH V-SHAPED GROOVE 
AND OPTICAL TYPE REPRODUCING 

APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention generally relates to‘ optical 
type discs which are recorded with information signals 
on each sloping surface of a spiral V-shaped groove or 
concentric V-shaped grooves formed on a recording 
surface of the disc and optical type reproducing appara 
tuses for reproducing the information signals from such 
discs, and more particularly to an optical type disc 
which is not recorded with signals exclusively for track 
ing control and an optical type reproducing apparatus 
for reproducing the information signals from such a disc 
in a state where a satisfactory tracking control is carried 
out. 

In a system which relatively scans over a spiral or 
concentric tracks formed on a recording surface of an 
optical type disc (hereinafter simply referred to as a 
disc) by use of a laser beam, for example, information 
signals are reproduced by detecting the laser beam 
which is re?ected from the recording surface of the 
disc. Generally, the recording surface of the disc is ?at, 
and a predetermined gap is formed between two mutu 
ally adjacent tracks so that a spot of the laser beam on 
the recording surface does not extend over a track 
which is adjacent to the track which is being scanned. 
The recording density of the disc is hence determined 
by the diameter of the spot of the laser beam on the 
recording surface. The laser beam is stopped to approxi 
mately the diffraction limit, and for this reason, it was 
thought that the recording density of the existing disc is 
the limit for this kind of disc. 

Recently, various proposals have been made to in 
crease the recording density of the optical type disc. 
Among such proposals, a disc having a recording den 
sity which is approximately twice the recording density 
of the existing disc was previously proposed in a Japa 
nese Laid-Open Patent Application No. 57-147133. 
According to this previously proposed disc, a spiral or 
concentric V-shaped grooves are formed contiguously 
on the recording surface of the disc, and the information 
signals are recorded on each sloping surface of the V 
shaped grooves. In other words, each V-shaped groove 
has two sloping surfaces, and each sloping surface con 
stitutes a track. According to this previously proposed 
disc, the crosstalk from the adjacent tracks is relatively 
small, and for this reason, the interval between two 
mutually adjacent tracks can be set to a small value so as 
to effectively increase the recording density of the disc. 
However, the previously proposed disc had problems 

in controlling the tracking of the laser beam over the 
correct track. In a ?rst example, signals for tracking 
control (hereinafter referred to as tracking control sig 
nals) are recorded along the peak part and the valley 
part of each V-shaped groove, and the tracking is con 
trolled responsive to reproduced tracking control sig 
nals. However, in this ?rst example, an additional pro 
cess is required to record the tracking control signals on 
the disc and the manufacturing cost of the disc becomes 
high. In addition, the recording density of the disc with 
respect to the information signals becomes reduced due 
to the provision of the tracking control signals, and the 
frequency band of the information signals becomes 
limited because of the need to reserve a frequency band 
for the tracking control signals. Further, the construc 
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2 
tion of the reproducing apparatus becomes complex 
because of the need to provide circuits for processing 
the reproduced tracking control signals. In a second 
example, the V-shaped groove is intentionally made to 
wobble with a certain frequency, where the quantity of 
each wobble is considerably small compared to the 
interval between two mutually adjacent tracks. Accord 
ing to this second example, the tracking control is car 
ried out responsive to a wobbling component in the 
laser beam which is re?ected from the recording sur 
face. However, it is dif?cult to form such a wobbling 
V-shaped groove on the recording surface of the disc, 
and moreover, the construction of the reproducing 
apparatus becomes complex because of the need to 
provide circuits for processing the wobbling compo 
nent. 
On the other hand, the information signals are re 

corded on the optical type disc as variations in the re 
?ectivity of a tellurium suboxide (TeOx) thin ?lm, for 
example, which thin ?lm is formed on each sloping 
surface of the V-shaped groove. Accordingly, each 
sloping surface of the V-shaped groove remains ?at 
even after the information signals are recorded, and 
thus, it is impossible to duplicate and mass product the 
disc from an original disc by use of a stamper. 

It is possible to duplicate and mass produce the disc 
from the original disc by use of the stamper, if the infor 
mation signals were to be recprded on each sloping 
surface of the V-shaped groove as rows of pits. How 
ever, when the depth of the pits are approximately 
constant as in the case of the conventional disc of the 
type having the ?at recording surface (that is, having no 
V-shaped groove), the problem of crosstalk occurs at 
the time of the reproduction as will be described later 
on in the present speci?cation. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful optical type disc 
and an optical type reproducing apparatus, in which the 
problems described heretofore are eliminated. 
Another and more speci?c object of the present in 

vention is to provide an optical type reproducing appa 
ratus for reproducing information signals from an opti 
cal type disc which is recorded with the information 
signals on each sloping surface of a spiral V-shaped 
groove or concentric V-shaped grooves formed on a 
recording surface of the disc, by relatively scanning the 
sloping surface of the V-shaped groove by a reproduc 
ing spot having a diameter smaller than the width of the 
V-shaped groove. The reproducing apparatus accord 
ing to the present invention comprises tracking spot 
forming means for forming a tracking spot across two 
mutually adjacent sloping surfaces of the V-shaped 
grooves at a position deviated with respect to the repro 
ducing spot in a width direction of the V-shaped groove 
by a distance of 5 the width of the V-shaped groove, 
photoelectric transducer means for independently re 
ceiving light re?ected from the two mutually adjacent 
sloping surfaces of the V-shaped grooves, and moving 
means for moving an optical system in the width direc 

. tion of the V-shaped groove responsive to an output of 

65 
the photoelectric transducer means so that the repro 
ducing spot is formed along a predetermined sloping 
surface of the V-shaped groove. According to the re 
producing apparatus of the present invention, it is possi 
ble to reproduce the information signals from the disc in 
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a state where a satisfactory tracking control is carried 
out, although the disc is not recorded with tracking 
control signals. In addition, since it is unnecessary to 
record the tracking control signals on the disc, it is 
possible to eliminate a process of recording the tracking 
control signals when manufacturing the disc and the 
manufacturing cost of the disc can thus be reduced. 

Still another object of the present invention is to 
provide an optical type disc recorded with information 
signals on each sloping surface of a spiral V-shaped 
groove or concentric V-shaped grooves formed on a 
recording surface of the disc, wherein the information 
signals are recorded as rows of geometrical depressions 
or projections on each sloping surface of the V-shaped 
groove and the inclination angle of the bottom surface 
of the depression or the top surface of the projection is 
greater than the inclination angle of the sloping surface 
of the V-shaped groove. According to the disc of the 
present invention, it is possible at the time of the repro 
duction to suf?ciently reduce the re?ected and dif 
fracted light which introduces the crosstalk, at the de 
pression of projection of the tracks which are adjacent 
to the track which is being scanned. As a result, the 
problem of crosstalk will not occur. In addition, the disc 
according to the present invention can be duplicated 
and mass produced from an original disc by use of a 
stamper, and the manufacturing cost of the disc is low. 
Other objects and further features of the present in 

vention will be apparent from the following detailed 
' decription when read in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 generally shows a ?rst embodiment of the 
optical type reproducing apparatus according to the 

. present invention; 
FIG. 2A is a plan view showing a part of a disc on an 

enlarged scale together with a reproducing spot and 
v tracking spots; 

FIG. 2B shows the disc shown in FIG. 2A in a cross 
section along a line IIB—IIB; 
FIG. 3 shows a relative scanning locus of the repro 

ducing spot on the disc; 
FIG. 4 is a system block diagram showing a signal 

reproducing system and a focus control system of the 
reproducing apparatus according to the present inven 
tion; 
FIG. 5A is an enlarged plan view showing the repro 

ducing spot in a state where a track N is being scanned; 
FIGS. 5B and 5C show a re?ection and diffraction 

state of the reproducing spot on the track N and a re 
?ection and diffraction state of the reproducing spot on 
tracks adjacent to the track N, respectively; 
FIGS. 6A and 6B show irradiation patterns on light 

receiving surfaces of a light receiving element in a fo 
cused state and an off-focus state, respectively; 
FIG. 7A is an enlarged plan view showing the repro 

ducing spot in a state where a track N+l is being 
scanned; 
FIGS. 7B and 7C show a re?ection and diffraction 

state of the reproducing spot on the track N+l and a 
re?ection and diffraction state of the reproducing spot 
on tracks adjacent to the track N+ 1, respectively; 
FIG. 8 is a system block diagram showing a tracking 

control system of the reproducing apparatus according 
to the present invention; 
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4 
FIG. 9A is an enlarged plan view showing the rela 

tionship between tracking spots and V-shaped grooves 
in a state where a correct tracking is achieved; 
FIGS. 9B and 9C show re?ection and diffraction 

states of ?rst and second tracking spots, respectively; 
FIG. 10A is an enlarged plan view showing the rela 

tionship between the tracking spots and the V-shaped 
grooves in a state where a tracking error occurs in the 
direction of the track N+ l; 
FIGS. 10B and 10C show re?ection and diffraction 

states of the ?rst and second tracking spots for the case 
shown in FIG. 10A, respectively; 
FIG. 11A is an enlarged plan view showing the rela 

tionship between the tracking spots and the V-shaped 
grooves in a state where a tracking error occurs in the 
direction of the track N— 1; 
FIGS. 11B and 11C show re?ection and diffraction 

states of the ?rst and second tracking spots for the case 
shown in FIG. 11A, respectively; 
FIGS. 12 and 13 respectively show irradiation pat 

terns on light receiving surfaces of a light receiving 
element provided for the tracking; 
FIG. 14A is a plan view showing a part of an example 

of a conventional disc on an enlarged scale; 
FIG. 14B shows the disc shown in FIG. 14A in a 

cross section along a line XIVB—XIVB; 
FIGS. 15A through 15D show re?ection and diffrac 

tion states for the case where the disc shown in FIGS. 
14A and 14B is played; 
FIGS. 16A and 16B are graphs showing a diffraction 

distribution for the case where the reproducing spot 
irradiates a recorded part on the track N of the disc 
shown in FIGS. 14A and 14B and a diffraction distribu 
tion for the case where the reproducing spot irradiates 
an unrecorded part on the track N of the disc shown in 
FIGS. 14A and 14B, respectively; 
FIG. 17A is a plan view showing a part of an example 

of a conceivable disc on an enlarged scale; 
FIG. 17B shows the disc shown in FIG. 17A in a 

cross section along a line XVIIB-XVIIB; 
FIGS. 18A through 18D show re?ection and diffrac 

tion states for the case where the disc shown in FIGS. 
17A and 17B is played; 
FIG. 19A is a plan view showing a part of an embodi 

ment of the optical type disc according to the present 
invention on an enlarged scale; 
FIG. 19B shows the disc shown in FIG. 19A in a 

cross section along a line XIXB-XIXB; 
FIG. 20 shows the con?guration of pits shown in 

FIG. 19B on an enlarged scale; 
FIGS. 21A through 21D show re?ection and diffrac 

tion states for the case where the track N of the disc 
shown in FIGS. 19A and 19B is scanned by the repro 
ducing spot; 
FIGS. 22A through 22D show re?ection and diffrac 

tion states for the case where the track N+l of the disc 
shown in FIGS. 19A and 19B is scanned by the repro 
ducing spot; 
FIGS. 23A and 23B are graphs showing a diffraction 

distribution for the case where the reproducing spot 
irradiates a non-pit part on the track N of the disc 
shown in FIGS. 19A and 19B and a diffraction distribu 
tion for the case where the reproducing spot irradiates 
a pit part on the track N of the disc shown in FIGS. 19A 
and 19B, respectively; 
FIG. 24 is a system block diagram generally showing 

an essential part of a second embodiment of the optical 
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type reproducing apparatus according to the present 
invention; 
FIGS. 25A and 25B respectively show re?ection and 

diffraction states at end parts of the pit; 
FIGS. 26 through 30 are diagrams for explaining 

processes of manufacturing a main body of the disc 
shown in FIGS. 19A and 19B; 
FIG. 31 shows another embodiment of the optical 

type disc according to the present invention; 
FIG. 32 shows the con?guration of projections of the 

disc shown in FIG. 31 on an enlarged scale; and _ 
FIGS. 33A through 33D show reflection and diffrac 

tion states for the case where the track N of the disc 
shown in FIG. 31 is scanned by the reproducing spot. 

DETAILED DESCRIPTION 

First, description will be given with respect to the 
?rst embodiment of the optical type reproducing appa 
ratus according to the present invention. FIG. 1 gener 
ally shows the ?rst embodiment of the reproducing 
apparatus according to the present invention together 
with a part of an optical type disc which is shown on an 
enlarged scale. The reproducing apparatus generally 
comprises a light source 11 such as a semiconductor 
laser source, a collimator lens 12, a diffraction grating 
13, a polarizing prism 14, a quarter wave plate 15, a 
condenser lens 16, a lens 17, a cylindrical lens 18, and 
light receiving elements 19, 20, and 21. 
A laser beam 22 from the light source 11 is passed 

through the collimator lens 12 and parallel light from 
the collimator lens 12 ‘enters the diffraction grating 13. 
The parallel light is divided into a central O-th order (or 
simply O-th) diffracted light 220, and — l-st and +1-st 
order (or simply — l-st and + l-st) diffracted lights 
22-1 and 22+1. The diffracted lights are transmitted 
through the polarizing prism 14, and the linearly polar 
ized light is converted into circularly polarized light by 
the quarter wave plate 15. The circularly polarized light 
is condensed by the condenser lens 16 and is imaged on 
a recording surface of an optical type disc 23 as a repro 
ducing spot 24 and ?rst and second tracking spots 25 
and 26. . 

Re?ected lights 27, 28, and 29 from the recording 
surface of the disc 23 are transmitted through the con 
denser lens 16, and parallel light from the condenser 
lens 16 enters the quarter wave plate 15. Linearly polar 
ized light from the quarter wave plate 15 is perpendicu 
lar to the incident light. The reflected lights 27, 28, and 
29 are re?ected by the polarizing prism 14 and con 
verged by the lens 17. Light from the lens 17 is transmit 
ted through the cylindrical lens 18 and is irradiated on 
the respective light receiving elements (photoelectric 
transducer means) 19, 20, and 21. 
The disc 23 has a spiral V-shaped groove formed on 

the recording surface thereof, and information signals 
are recorded on each sloping surface of the V-shaped 
groove as variations in the re?ectivity. One track is 
constituted by each sloping surface of the V-shaped 
groove for one revolution of the disc 23. The disc 23 is 
not recorded with tracking control signals. 
FIGS. 1, 2A and 2B show a part of the disc 23 on an 

enlarged scale. V-shaped grooves 30, 31, 32, and 33 are 
parts of the spiral V-shaped groove, and the V-shaped 
grooves 30 through 33 are each formed with a width 
2P. Each of sloping surfaces 30a, 30b, 31a, . . . , and 33b 
is recorded with the information signals as recorded 
parts 34. The information signals are recorded from the 
outer periphery of the disc 23 towards the inner periph 
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6 
ery thereof, and the sloping surfaces'31a, 31b, and 32a 
constitute tracks N—-l, N, and N+1, respectively. A 
peak part 35 is formed by two mutually adjacent sloping 
surfaces of two mutually adjacent V-shaped grooves 
such as the sloping surfaces 30b and 31a, and a valley 
part 36 is formed by two mutually adjacent sloping 
surfaces of the same V-shaped groove such as the slop 
ing surfaces 31a and 31b. 
The disc 23 is rotated in the direction of an arrow A, 

and the reproducing spot 24 scans along a locus shown 
in FIG. 3. That is, the reproducing spot 24 repeats an 
operation of scanning one track, returning in the outer 
periphery of the disc 23 by one track, and then scanning 
one track. The reproducing spot 24 must return in the 
outer periphery of the disc 23 by one track every time 
one track is scanned, since the V-shaped groove is 
formed spirally and the tracks are constituted by each of 
the sloping surfaces of the V-shaped groove. Hence, the 
reproducing spot 24 scans the tracks N- l, N, and N+l 
in this sequence. 
As shown in FIG. 4, the light receiving element 19 is 

divided into four light receiving surfaces 190 through 
19d which are distributed in the width direction X of 
the V-shaped groove and in the extending direction Y 
of the V-shaped groove. 
When the reproducing spot 24 is scanning over the 

track N as shown in FIGS. 2A and 5A, the O-th dif 
fracted light 220 which is the incident light, is re?ected 
and diffracted as shown schematically in FIGS. 5B and 
5C. In the drawings of the present application, the dif 
fracted light is illustrated schematically in the form of 
an oval, and the larger the oval the larger the intensity 
of the diffracted light. As shown in FIG. 5A, the repro 
ducing spot 24 has a center 0, and the diameter D, of 
the reproducing spot 24 is greater than the width P of 
the track N but is smaller than the width 2P of the 
V-shaped groove 31. Hence, the reproducing spot 24 
scans over the track N and a part of the adjacent tracks 
N-l and N+ l. - 
The light re?ected by the track N (sloping surface 

31b) causes —l-st, O-th, and +l-st diffractions. Since 
the geometrical re?ecting direction of light on the track 
N coincides with the —l-st diffracting direction, the 
intensity of the — l-st diffracted light becomes the maxi 
mum. Hence, as shown in FIG. 5B, the intensity of a 
— l-st diffracted light E_1 is the maximum and the 
intensities of O-th diffracted light E0 and +1-st dif 
fracted light E+1 are small compared to that of the 
--1-st diffracted light E_ 1. 
The light reflected by the track N- 1 (sloping surface 

31a) causes diffractions as indicated by diffracted lights 
EA_1, EA(), and EA+1 in FIG. 5C, and the light re 
?ected by the track N+l (sloping surface 320) causes 
diffractions as indicated by diffracted lights EB_1, BBQ, 
and EB+1 in FIG. 5C. Unlike the track N, the geometri 
cal reflecting directions of lights on the tracks N-l and 
N+l coincide with the + l-st diffracting direction. For 
this reason, the intensities of the + l-st diffracted lights 
EA+1 and EB+1 are considerably large compared to 
the intensities of the - l-st diffracted lights EA_1 and 
EB_1 and the O-th diffracted lights EAO and E130. 
A part of the diffracted light from the tracks N, N — 1, 

and N+l does not enter the condenser lens 16, and the 
remainder of the diffracted light is transmitted through 
the condenser lens 16 and is irradiated on the light re 
ceiving element 19. In other words, the light distribu 
tion on the light receiving element 19 becomes as shown 
in FIG. 6A wherein an irradiated part I1 of the — l-st 
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diffracted light E_1 is indicated by hatchings and an 
irradiated part I; of the + l-st diffracted lights EA+1 
and EB+1 is indicated by a dot pattern within a circular 
region which is limited by the aperture of the condenser 
lens 16. In FIG. 6A, two-dot chain lines indicate dif 
fracted light which does not enter the condenser lens 
16. As may be seen from FIG. 6A, the irradiated part I1 
extends over the light receiving surfaces 19a and 19b, 
and the irradiated part 12 extends over the light receiv 
ing surfaces 19c and 19a’. The information signals re 
corded on the track N which is being scanned, is repro 
duced by selectively obtaining only the outputs of the 
light receiving surfaces 19a and 19b. As shown in FIG. 
4, the light receiving surfaces 190 and 19b are coupled 
to an adder 40, and the light receiving surfaces 190 and 
19d are coupled to an adder 41. These adders 40 and 41 
are coupled to a switch 43 which is switched responsive 
to an output of a switching signal detector 42 which 
detects a switching signal within the reproduced signal. 
For example, the switching signal is recorded at a pre 
determined position on the disc 23 at a rate of once per 
revolution of the disc 23, and is used to return the scan 
in the outer periphery of the disc 23 as described before 
in conjunction with FIG. 3. A moving contact 43a of 
the switch 43 is connected to a terminal 43b when scan 
ning over the track N, and only the outputs of the light 
receiving surfaces 190 and 19b out of the light receiving 
surfaces 190 through 19d are passed through the switch 
43 and obtained from a terminal 44. In other words, 
when scanning over the track N, the signals reproduced 
from the adjacent tracks N— 1 and N+l are not in 
cluded in the reproduced signal obtained from the‘ ter 
minal 44. 

Next, description will be given with respect to the 
re?ection and diffraction state and the method of ob 
taining the reproduced signal when the reproducing 
spot 24 scans over the subsequent track N+ l, by refer 
ring to FIGS. 7A through 7C. 
The reproducing spot 24 extends over the track N+ 1 

and a part of the adjacent tracks N and N+2. The geo 
' . metrical re?ecting direction of light on the track N+l 

(sloping surface 32a) coincides with the + l-st diffract 
ing direction, and the intensity of the + l-st diffracted 
light is the maximum. The intensities of — l-st diffracted 
light F_1, O-th diffracted light F0, and + l-st diffracted 
light F+1 becomes as shown in FIG. 7B. On the other 
hand, the geometrical re?ecting directions of lights on 
the tracks N and N+2 coincide with the — l-st diffract 
ing direction. For this reason, the intensities of the 
—1-st diffracted lights Fa_1 and Fb_1 are considerably 
large compaed to the intensities of the O-th diffracted 
lights Fan and Fbo and the + l-st diffracted lights Fa+1 
and Fb+1 as shown in FIG. 7C. 
The diffracted light is irradiated on the light receiv 

ing element 19, and the irradiated part I1 of the — l-st 
diffracted lights Fa_1 and Fb_| and the irradiated part 
I; of the + l-st irradiated light F+1 are formed similarly 
as in the case shown in FIG. 6A. In this case, the mov 
ing contact 43a of the switch 43 is switched to a termi 
nal 43c responsive to the output of the switching signal 
detector 42. As a result, only the outputs of the light 
receiving surfaces 19c and 19d are passed through the 
switch 43 and is obtained from the terminal 44. Hence, 
only the signals reproduced from the track N+l which 
is being scanned, is obtained from the terminal 44. 

Accordingly, only the signals reproduced from the 
track which is being scanned is obtained from the termi 
nal 44, and the disc 23 is played in a satisfactory state 
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where the crosstalk from the adjacent tracks is suf? 
ciently suppressed. 

Next, description will be given with respect to the 
focus control employing the known astigmatic focusing 
method. 

In FIG. 4, the outputs of the diagonally arranged 
light receiving surfaces 19a and 19d are added in an 
adder 45, and the outputs of the diagonally arranged 
‘light receiving surfaces 19b and 19c are added in an 
adder 46. Outputs of the adders 45 and 46 are supplied 
to a substracting circuit 47. The subtracting circuit 47 
generates an error signal between the sums of the out 
puts of two pairs of diagonally arranged light receiving 
surfaces, and this error signal is supplied to a driving 
device 48 as a focus error signal. 

In a focused state, the irradiated pattern on the light 
receiving element 19 is a circular pattern as shown in 
FIG. 6A, and the focus error signal is zero. On the other 
hand, when the focus is off in one direction, the irradi 
ated pattern on the light receiving element 19 becomes 
an oval pattern as shown in FIG. 6B, irradiated parts 
111 and I12 of the light receiving surfaces 19a and 19d 
increase, and a focus error signal —V is generated. 
When the focus is off in a direction opposite to the one 
direction, irradiated parts of the light receiving surfaces 
19b and 190 increase and a focus error signal +V is 
generated. The driving device 48 is operated responsive 
to the focus error signal, the focus control is carried out 
by displacing the condenser lens 16 shown in FIG. 1 in 
the direction of the optical axis so that the focus error 
signal becomes a zero. 

Next, description will be given with respect to the 
tracking control which forms an essential part of the 
reproducing apparatus according to the present inven 
tion. 

First, the mounting angle of the diffraction grating 13 
is appropriately set so that the spots 24, 25, and 26 are 
formed as shown in FIG. 2A. That is, when the center 
0 of the reproducing spot 24 is positioned at the center 
of the track N, the center of the ?rst tracking spot 25 
coincides with the peak part 35 which constitutes a 
boundary between the tracks N and N+ l, and the cen 
ter of the second tracking spot 26 coincides with the 
valley part 36 which constitutes a boundary between 
the tracks N and N—-l. The ?rst and second tracking 
spots 25 and 26 are formed before and after the repro 
ducing spot 24 in the relative scanning direction, and 
moreover, the ?rst and second tracking spots 25 and 26 
are formed at positions deviated from the reproducing 
spot 24 in the width direction of the V-shaped groove 
by a distance of i the width 2? of the V-shaped groove. 
The centers of the spots 24, 25, and 26 are arranged in a 
line. The diffraction grating 13 is designed so that the 
intensities of the diffracted lights 22+1 and 22.1 which 
form the ?rst and second tracking spots 25 and 26 are 
suf?ciently small compared to the intensity of the dif 
fracted light 220 which forms the reproducing spot 24, 
and the tracking spots 25 and 26 will not interfere with 
the reproduction carried out by the reproducing spot 
24. 
As shown in FIG. 8, the light receiving elements 20 

and 21 for receiving the respective reflected lights 28 
and 29 which form the tracking spots 25 and 26, are 
divided in the direction Y and comprise light receiving 
surfaces 20a, 20b, 21a, and 21b. 

Description will now be given with respect to the 
re?ection and diffraction states of the lights which form 
the tracking spots 25 and 26 and are re?ected by the 
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recording surface of the disc 23, for the case where the 
center of the reproducing spot 24 coincides with the 
center of the track N and for the case where the center 
of the reproducing spot 24 is deviated from the center of 
the track N, by referring to FIGS. 9A through 11C. 
The ?rst tracking spot 25 is formed over the tracks N 

and N+ l, and the light forming the spot 25 is re?ected 
from the tracks N and N+ l. The re?ection and diffrac 
tion states are shown in FIGS. 9B, 10B, and 11B. The 
second tracking spot 26 is formed over the tracks N-l 
and N, and the light forming the spot 26 is re?ected 
from the tracks N-l and N. The reflection and diffrac 
tion states are shown in FIGS. 9C, 10C, and 10C. The 
geometrical re?ecting direction of light on the track N 
coincides with the — l-st diffracting direction, and the 
geometrical re?ecting directions of lights on the tracks 
N-l and N+l coincide with the + l-st diffracting 
direction. The diffracted lights coinciding with the 
diffracting direction make up the majority of the re 
?ected lights, and for this reason, description will here 
inafter be given by noting the diffracted lights which 
make up the majority of the re?ected lights (that is, the 
— l-st diffracted lights A_.1 and D_1 and the + l-st 
diffracted lights B+1 and C44) and neglecting other 
re?ected lights. 
As shown in FIG. 9A, when the center 0 of the 

reproducing spot 24 coincides with the center of the 
track N, a center 01 of the ?rst tracking spot 25 coin 
cides with the peak part 35, and the first tracking spot 
25 is equally formed over the tracks N and N+ 1. 
Hence, the intensity of the — l-st diffracted light A_1 
from the track N and intensity of the + l-st diffracted 
light B+1 from the track N+1 are the same as shown in 
FIG. 9B. 
As shown in FIG. 12, the - l-st diffracted light A_1 

irradiates a part J1 of the light receiving surface 20a of 
the light receiving element 20 as indicated by the hatch 
ings, and the + l-st diffracted light B_1irradiates a part 
J 2 of the light receiving surface 20b as indicated by the 
dot pattern. The areas of the irradiated parts J1 and J2 
are the same. Since the intensities of the -l-st dif 
fracted light A_1 and the + l-st diffracted light B+1 are 
the same, voltages of the same level are obtained from 
the light receiving surfaces 20a and 20b. 
A center 02 of the second tracking spot 26 coincides 

with the valley part 36, and the second tracking spot 26 
is equally formed over the tracks N-l and N. Hence, 
the intensity of the + l-st diffracted light C+1 from the 
track N--1 and intensity of the —l-st diffracted light 
D_1 from the track N are the same as shown in FIG. 
9B. 
As shown in FIG. 13, the + l-st diffracted light C+1 

irradiates a part K1 of the light receiving surface 21b of 
the light receiving element 21 as indicated by the dot 
pattern, and the — l-st diffracted light D_1 irradiates a 
part K; of the light receiving surface 21a as indicated by 
the hatchings. The areas of the irradiated parts K1 and 
K2 are the same. Since the intensities of the +1-st dif 
fracted light CH and the — l-st diffracted light D_1 are 
the same, voltages of the same level are obtained from 
the light receiving surfaces 210 and 21b. These voltages 
obtained from the light receiving surfaces 21a and 21b 
have the same level as the voltages obtained from the 
light receiving surfaces 20a and 20b. 
When the center 0 of the reproducing spot 24 devi 

ates toward the track N+l as shown in FIG. 10A, the 
tracking spots 25 and 26 also deviate in this direction. In 
this case, the area of the track N+l scanned by the ?rst 
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tracking spot 25 becomes larger than the area of the 
track N scanned by the spot 25. As a result, the intensity 
of the + l-st diffracted light B+1 from the track N+l 
increases and the intensity of the - l-st diffracted light 
A_1 from the track N decreases as shown in FIG. 10B. 
The irradiated pattern shown in FIG. 12 does not 
change. Accordingly, the level of the output voltage of 
the light receiving surface 20b increases and the level of 
the output voltage of the light receiving surface 200 
decreases. On the other hand, the area of the track N 
scanned by the second tracking spot 26 becomes larger 
than the area of the track N-l scanned by the spot 26. 
As a result, the intensity of the + l-st diffracted light 
C+1 from the track N-l decreases and the intensity- of 
the —l-st diffracted light D_1 from the track N in 
creases. The irradiated patter shown in FIG. 13 does 
not change. Thus, the level of the output voltage of the 
light receiving surface 21a increases and the level of the 
output voltage of the light receiving surface 21b de 
creases. 

On the other hand, when the center 0 of the repro 
ducing spot 24 deviates toward the track N-l as 
shown in FIG. 11A, the ?rst tracking spot 25 extends 
over a larger area of the track N. Accordingly, the 
intensity of the —l-st diffracted light A_1 from the 
track N increases and the intensity of the +l-st dif 

‘ fracted light B+1 from the track N+l decreases as 
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shown in FIG. 11B. As a result, the level of the output 
voltage of the light receiving surface 2011 increases and 
the level of the output voltage of the light receiving 
surface 20b decreases. The second tracking spot 26 
extends over a larger area on the track N-l as shown 
in FIG. 11A, and the intensity of the +1-st diffracted 
light C+1 from the track N-l increases and the inten 
sity of the — l-st diffracted light D_1 from the track N 

‘ decreases as shown in FIG. 11C. Therefore, the level of 
the output voltage of the light receiving surface 21b 
increases and the level of the output voltage of the light 
receiving surface 21a decreases. ' 
A voltage having a level in accordance with the area 

of the track scanned by the tracking spots 25 and 26, is 
obtained from each of the light receiving surfaces 20a, 
20b, 21a, and 21b. Hence, an error voltage (difference) 
between the output voltage of the light receiving sur 
face 200 (or 2111) and the output voltage of the light 
receiving surface 20b (or 21b) can be used as a tracking 
error signal, and the tracking control can be carried out 
by moving the optical system in the width direction of 
the V-shaped groove so that the tracking error signal 
becomes zero. Further, it is possible to obtain the track 
ing error signal by adding the difference between the 
output voltages of the light receiving surfaces 20a and 
20b and the difference between the output voltages of 
the light receiving surfaces 210 and 21b, and carry out 
the tracking control by moving the optical system so 
that the tracking error signal becomes zero. According 
to the latter method of carrying out the tracking con 
trol, the signal-to-noise (S/N) ratio of the tracking error 
signal is high and it is possible to carry out a stable the 
tracking control. For this reason, this latter method is 
employed in the present embodiment. ’ 
That is, in FIG. 8, the output of the light receiving 

surface 20b is subtracted from the output of the light 
receiving surface 20a in a subtracting circuit 50, and the 
output of the light receiving surface 21a is subtracted 
from the output of the light receiving surface 21b in a 
subtracting circuit 51. The output of the light receiving 
surface 20b is subtracted in the subtracting circuit 50 
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and the output of the light receiving surface 21a is sub 
tracted in the subtracting circuit 51 because the output 
voltages of the light receiving surfaces 21a and 21b 
undergo opposite changes to those of the output volt 
ages of the respective light receiving surfaces 20a and 
20b. Outputs of the subtracting circuits 50 and 51 are 
added in an adder 52. An output of the adder 52, which 
is the sum of the output voltages of the subtracting 
circuit 50 and 51, is obtained as the tracking error signal. 
The tracking error signal is passed through a switch 

ing circuit 53 which can invert the polariety of the 
signal, and is supplied to a driving device 54. The driv 
ing device 54 moves the condenser lens 16 in the width 
direction of the V-shaped groove responsive to the 
tracking error signal. 
When the reproducing spot 24 scans over the subse 

quent track N+ 1, the center 01 of the ?rst tracking spot 
25 coincides with the valley part 36 and the center 02 of 
the second tracking spot 26 coincides with the peak part 
.35. Hence, the relationship between the direcion of the 
tracking error and the changing direction of the output 
level of the light receiving elements 20 and 21 becomes 
opposite to that during the scanning of the track N. For 
this reason, it is necessary to invert the polarity of the 
tracking error signal when scanning over the track 
N + l. 
The switching circuit 53 is switched between a non 

inverting state and an inverting state responsive to the 
output signal of the switching signal detector 42 shown 
in FIG. 8. The switching circuit 53 is switched to the 
inverting state responsive to the detection signal which 
is obtained from the switching signal detector 42 when 
the track which is scanned changes from the track N to 
the track N+ 1. Hence, while the track N+l is being 
scanned, the output signal of the adder 52 is inverted 
into a correct tracking error signal in the switching 
circuit 53, and the correct tracking error signal is sup 
plied to the driving device 54 so as to carry out the 
tracking control. 
The output direction signal of the switching signal 

detector 42 is also supplied to a kick pulse generating 
’ circuit 55, and an output kick pulse of the kick pulse 
generating circuit 55 is supplied to the driving device 
54. The driving device 54 is operated in steps responsive 
to the kick plate, and for example, the condenser lens 16 
is moved in the outer peripheral direction of the disc 23 
by a distance P (the width of one track) responsive to 
the kick pulse. 

Detailed description on the switching signal detector 
42, the switching circuit 53, and the kick pulse generat 
ing circuit 55 will not be given in the present speci?ca 
tion, since these circuits are known to those skilled in 
the art. For example, a US. Pat. No. Re. 31,160 dis 
closes circuits which may be used for these circuits. The 
switching signal detector 42 corresponds to a bandpass 
ampli?er 81 shown in the patent, the switching circuit 
53 corresponds to the gate switching circuit 84 shown 
in the patent, and the kick pulse generating circuit 55 
corresponds to the detecting circuit 86 and the monosta 
ble multivibrator 87 shown in the patent. 
As described before, the switching signal is recorded 

on the disc 23 at the rate of once per revolution of the 
disc 23, and the recorded positions of the switching 
signal are radially aligned. The switching signal can be 
recorded as a variation in the depth of the V-shaped 
groove or as a zigzag format, for example. 

Therefore, the switching of the reproduced signal 
between the added output obtained fromt he light re 
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ceiving surfaces 190 and 19b and the added output ob 
tained from the light receiving surfaces 190 and 19d, the 
switching of the polarity of the tracking error signal, 
and the returing of the scan by the width of one track, 
are simultaneously carried out responsive to the output 
detection signal of the switching signal detector 42. 
Thus, the information signals are optically reproduced 
from the disc 23 in a state where the focus and tracking 
are controlled satisfactorily. 
The reproducing apparatus according to the present 

invention is also applicable to an optical type disc on 
which the V-shaped grooves are formed concentrically 
on the recording surface thereof, but description on this 
type of a disc will be omitted in the present speci?ca 
tion. When playing this type of a disc, the scanning 
locus becomes different from that shown in FIG. 3, but 
the information signals are reproduced from the disc 
similarly as in the case described heretofore. In this 
case, the disc is played by scanning over one of the 
sloping surfaces of a V-shaped groove, scanning over 
the other sloping surface of the same V-shaped groove, 
scanning over one of the sloping surfaces of the subse 
quent V-shaped groove, and so on. 

Next, description will be given with respect to the 
problems of the conventional disc. FIGS. 14A and 4B 
show an example of a conventional disc. A disc 60 com 

' prises a V-shaped groove formed spirally on the record 
ing surface thereof. FIGS. 14A and 15B show V-shaped 
grooves 61 through 63 which form a part of the spirally 
formed V-shaped groove. The information signals are 
recorded on sloping surfaces 61b through 63b of the 
respective V-shaped grooves 61 through 63 as varia 
tions in the re?ectivity. Recorded parts 64 on the slop 
ing surfaces are indicated by the hatchings, and the 
re?ectivity of the recorded parts 64 is higher than the 
re?ectivity of unrecorded parts on the sloping surfaces. 
The sloping surfaces 61b though 63b constitute the 
tracks N—2 through N+2, respectively. 
The sloping surfaces 61b through 63b of the V-shaped 

grooves 61 through 63 remain ?at even after the infor 
mation signals are recorded on the disc 60. For this 
reason, there is a problem in that it is impossible to 
duplicate and mass produce the disc 60 from an original 
disc by use of a stamper as is done in the case of a con 
ventional audio record disc. 

In addition to the above problem, there are the fol 
lowing problems when playing the disc 60. 
The information signals are reproduced from the disc 

60 as a reproducing spot 65 scans over the tracks in the 
direction of an arrow A]. For example, the diameter D 
of the reproducing spot 65 is smaller than the width 2P 
of the V-shaped groove 62 but is greater than the width 
P of the sloping surface 62b. When the reproducing spot 
65 scans over the track N and assumes a position P] 
where the unrecorded part is irradiated by the repro 
ducing spot 65, the re?ection and diffraction state on 
the track N (sloping surface 62b) becomes as shown in 
FIG. 15A. FIG. 15A shows O-th diffracted light Eao, 
— l-th diffracted light Ea_ 1, and + l-th diffracted light 
Ea_H. When the reproducing spot 65 moves to a posi 
tion P2 and the recorded part 64 is irradiated by the 
reproducing spot 65, O-th diffracted light Ebo, -l-th 
diffracted light Eb_1, and + l-th diffracted light Eb+1 
shown in FIG. 15B are obtained and the intensities of 
the diffracted lights increase. In other words, the inten 
sity of the diffracted light changes as the reproducing 
spot 65 scans, that is, the quantity of light passing 
through the condenser lens and irradiated on the light 
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receiving element changes as the reproducing spot 65 
scans. Hence, the information signals are reproduced by 
detecting the change in the quantity of light irradiated 
on the light receiving element. The direction of the 
— l-st diffracted lights Ea_1 and Eb_1 is the geometri 
cal re?ecting direction of light on the track N (sloping 
surface 62b). 
The reproducing spot 65 also scans over a part of the 

adjacent tracks N—l and N+ l, and the re?ection and 
diffraction also occur on the sloping surfaces 62a and 
63a. Diffracted lights Eco, Ed_1, Ed+1, Edo, Ed_1, and 
Ed+1 shown in FIG. 15C are obtained when the unre 
corded parts of the sloping surfaces 62a and 630 are 
partially scanned by the reproducing spot 65. On the 
other hand, diffracted lights Eeo, Ee_1, Ee+1, Efo, 
H14, and Ef+1 shown in FIG. 15D are obtained when 
the recorded parts 64 of the sloping surfaces 62a and 
630 are partially scanned by the reproducing spot 65. 
The diffracted lights from the adjacent tracks N- 1 and 
N+1 generate the crosstalk. 
The present inventors analyzed the diffraction distri 

bution on the recording surface of the disc 60 by setting 
the width of the V-shaped groove to 1.6 pm, the depth 
of the V-shaped groove to l the wavelength of the 
reproducing light beam, the change of the re?ectivity to 
1:1.3, and passing a laser beam having a wavelength of 
780 nm through a condenser lens having a numerical 
aperture (NA) of 0.5. The results shown in FIGS. 16A 
and 16B were obtained. 
FIG. 16A shows the diffraction distribution for the 

case where the reproducing spot 65 scans over the re 
corded part 64 of the track N, which recorded part 64 
has a re?ectivity of 1.3. In FIGS. 16A, a curve Ia shows 
the distribution for the case where the reproducing spot 
65 scans a part of the unrecorded parts of the tracks 
N—l and N+ 1, that is, the case where FIGS. 15B and 
15C are combined. On the other hand, a curve IIa 
shows the distribution for the case where the reproduc 
ing spot 65 scans a part of the recorded parts 64 of the 

" tracks N—l and N+l, that is, the case where FIGS. 
15B and 15D are combined. In FIGS. 16A and 16B, the 

‘~ optical axis of the condenser lens such as the condenser 
lens 16 shown in FIG, 16 is represented by Z. 
FIG. 16B shows the diffraction distribution for the 

case where the reproducing spot 65 scans over the unre 
corded part of the track N, which unrecorded part has 
a re?ectivity of 1.0. In FIG. 16B, a curve IIIa shows the 
distribution for the case where the reproducing spot 65 
scans a part of the unrecorded parts of the tracks N—l 
and N+ 1, that is, the case where FIGS. 15A and 15C 
are combined. On the other hand, a curve IVa shows 
the distribution for the case where the reproducing spot 
65 scans apart of the recorded parts 64 of the tracks 
N--l and N+ 1, that is, the case where FIGS. 15A and 
15D are combined. 

Accordingly, an area S1 which is the difference be 
tween the part surrounded by the curve Ia and the part 
surrounded by the curve 11a in FIG. 16A is the crosstalk 
component, and an area S; which is the difference be 
tween the part surrounded by the curve IIIa and the 
part surrounded by the curve IVa in FIG. 16B is the 
crosstalk component. In the reproducing apparatus, the 
light receiving element must be arranged at a position so 
as to avoid the receipt of the crosstalk component. 
Hence, the light receiving element is arranged at the 
end of the condenser lens so as to receive the light 
component corresponding tothe overlapped portion 
between the curves Ia and H2: and the overlapped por 

0 

- 5 

20 

35 

45 

55 

60 

65 

14 
tion between the curves 111a and IVa. In other words, 
the light receiving element is arranged to receive the 
light component within a range C at the end of the 
condenser lens, which condenser lens has a diameter B. 
Because the light receiving element is arranged at a 

position deviated from the geometrical re?ecting direc 
tion of light, the reproduced signal level becomes the 
difference between areas S3 and S4. However, since the 
areas S3 and S4 are small, the reproduced signal level 
becomes considerably small, and it is impossible to ob 
tain a reproduced signal having a satisfactory S/ N ratio. 

It is possible to duplicate and mass produce the disc 
from an original disc by use of a stamper if the informa 
tion signals were vto be recorded on each sloping surface 
of the V-shaped groove as rows of pits. However, when 
the depth of the pits is approximately constant as in the 
case of the conventional ?at surface disc of the type 
having pits, the crosstalk becomes a problem as will be 
described hereinafter. 
FIGS. 17A and 17B show a conceivable disc 66 hav 

ing pits. Each pit part 70 has a depth t and is formed in 
sloping surfaces 67b, 68a, 68b, 69a, and 69b of respective 
V-shaped grooves 67 through 69. The depth t corre 
sponds to 1} the wavelength of the reproduing light 
beam. The sloping surfaces 67b through 69b constitute 
the tracks N—2 through N+2, respectively. The repro 
ducing spot 65 has the diameter D which is larger than 
the width P of each sloping surface but'is smaller than 
the width 2P of each V-shaped groove. The reproduc 
ing spot 65 scans in the direction A], and the re?ection 
and diffraction states on the sloping surfaces are as 
shown in FIGS. 18A through 18D. 
When the reproducing spot 65 scans the track N and 

assumes the position P; where the non-pit part of the 
sloping surface 68b is irradiated by the reproducing spot 
65, the diffracted lights E30, Ea-i, and Ea+1 shown in 
FIG. 18A are obtained. In this case, the-l-st diffract 
ing direction coincides with the geometrical re?ecting 
direction of light and the intensity of the -—-l-st diffract 
ed light Ea-1 is the maximum. 
When the reproducing spot 65 moves to the position 

P; where the pit part 70 of the sloping surface 68a is 
irradiated by the reproducing spot 65, the diffracted 
lights Ebo, Eb_1 and Eb+1 shown in FIG. 18B are 
obtained. As may be seen from FIG. 18B, the intensities 
of the — l-st and +1-st diffracted lights increase. As a 
result, the quantity of diffracted light entering the con 
denser lens decreases, and the quantity of light irradi 
ated on the light receiving element changes. Hence, the 
information signals are reproduced by detecting the 
change in the quantity of light irradiated on the light 
receiving element. 
However, the reproducing spot 65 also scans over a 

part of the adjacent tracks N—l and N+ 1, that is, the 
sloping surfaces 68:: and 69a. Hence, the re?ection and 
diffraction take place on the sloping surfaces 68a and 
69a and the diffracted light causes the crosstalk. When 
the reproducing spot 65 is at the position P1 shown in 
FIG. 17A and the reproducing spot 65 also scans a part 
of the non-pit parts of the sloping surfaces 68a and 69a, 
the diffracted lights‘ Eco, Ec_1, Ed+1, Edo, Ed_1, and 
Ed+1 shown in FIG. 18C are obtained from the sloping 
surfaces 680 and 69a. On the other hand, when the 
reproducing spot 65 is at the position P2 and the repro 
ducing spot 65 also scans a part of the pit parts 70 of the 
sloping surfaces 68a and 69a, the diffracted lights Eeo, 
Ee_1, Ee+1, Efo, EL], and Ef+1 shown in FIG. 18D 
are obtained from the sloping surfaces 68a and 69a. The 














